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Abstract. The article evaluates the effectiveness of 
measures of supply chain management and national 
fiscal policies aimed at stimulating oil production in 
several countries (the USA, Canada, Brazil, Norway 
and Russia). Calculations were carried out with the -
KAM mathematical model using the data for the 
period from 2010 to 2016. The model includes the 
following: the input indicators are budget transfers 
and tax benefits for oil producers, and the output 
indicators are the average annual volumes of oil 
production. Regarding the price efficiency of fiscal 
policy aimed at stimulating oil production in 2010–
2016, Russia showed the lowest result. At the same 
time, Russia demonstrated the highest efficiency of 
using budget transfers to stimulate oil production, 
and Canada achieved the greatest efficiency in 
applying tax measures. 
Keywords: fiscal policy measures, supply chain 
management, stimulating oil production, cross-country 
analysis, -KAM model. 
 
1. Introduction 
Along with Canada, the USA, Brazil and Norway, 
Russia is one of the leading oil and gas producers 
and has large hydrocarbon reserves. A recent study 
by the World Wildlife Fund (WWF) and the Global 
Subsidies Initiative of the International Institute for 
Sustainable Development (IISD) analyzed 
economic, social and environmental efficiency and 
the feasibility of subsidizing oil and gas production 
in some G20 countries, including Russia [1, 2]. 
Undoubtedly, Russia offers great state support for 
oil and gas producers [3]. It is hard to overestimate 
the importance of these companies for the Russian 
budget. Therefore, to support and control them, the 
country needs a wide range of economic, financial 
and other instruments, including subsidies that 
were explored in this study [4]. The authors 
analyzed oil and gas subsidies existing in Russia in 
accordance with the international methodology 
developed by the Global Subsidies Initiative of the 
International Institute for Sustainable Development. 
Additionally, the study identified various forms of 
state support for Russian oil and gas producers: 
direct or indirect budget financing, tax benefits, 
damage compensation, support for prices and 
revenues of companies, the provision of state-
owned resources, and government services at prices 
lower than the market ones. Estimates of these 
subsidies in monetary terms are given for the 
period from 2009 to 2010. In general, energy 
subsidies are actively and widely applied 
throughout the world [5, 6, 7]. Moreover, they are 
popular in both developed and developing 
countries. Emerging market economies in Asia 
account for about half of the total subsidies, while 
developed economies use about a quarter of these. 
In absolute terms, the largest subsidies can be 
found in China (USD 2.3 trillion), the USA (USD 
699 billion), Russia (USD 335 billion), India (USD 
277 billion), and Japan (USD 157 billion). The 
European Union also has quite large subsidies 
(USD 330 billion). The budgetary implications of 
energy subsidies were estimated at USD 5.3 trillion 
in 2015, and they exceed the estimated amount of 
public health spending worldwide. These subsidies 
are also higher than the global spending on 
investment [8]. Resources released through subsidy 
reform can be allocated to meet urgent needs of 
public spending [9] or to reduce taxes hindering 
economic growth. Due to such popularity and 
active use of energy subsidies, it seems viable to 
consider their comparative effectiveness in some 
countries specializing in oil production (the USA, 
Canada, Norway, Brazil, and Russia) for the period 
from 2010 to 2016. 
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2. Methodology 
In this paper we will use the -КАМ model to 
evaluate the comparative efficiency of budget funds 
allocated to increase oil production in the above 
countries. Data Envelopment Analysis (DEA) is 
currently considered to be the main method for 
comparative study of the effectiveness of 
government activities in particular countries or 
regions (more commonly referred to as Decision 
Making Units, DMU). A detailed description of 
this method can be found in [10], [11], and [12]. 
The detailed literature review is presented in [13], 
[14], and [15]. DEA method determines the 
production possibility frontier regarding “spent 
resources– resulting indicators” [16] and [17]. As a 
rule, budget expenditures for the provision of 
certain public goods are considered as input data. 
The achieved level of public welfare in a particular 
area is the output. DMU itself can be represented as 
points in space, with input and output indicators as 
their dimensions. DMU effectiveness is measured 
as the ratio between cost and outcome, estimated 
with the data of the most “productive” DMU in the 
considered group. DMUs with maximum output at 
minimum cost are reference (effective) ones and 
are used to determine the production possibility 
frontier. Although the -KAM mathematical model 
is based on the weighted additive DEA model 
(ADD), however, it is free from its major faults. 
The epsilon value can be changed from 0 to ∞. The 
measure in the KAM model has at least the same 
properties as the SBM model. Estimates given by 
the KAM model can be used to calculate technical 
efficiency as well as price efficiency. Thus, 
traditional DEA models (CCR, BCC, ADD, SBM, 
ERM and others) can measure the technical 
efficiency of a DMU, but cannot be used for 
benchmarking and ranking DMUs as for this it is 
necessary to know price efficiency of the compared 
DMUs. Using the -KAM model, one can evaluate 
both technical and price efficiency of the compared 
DMU. The authors of this article used one of the 
recent and most successful modifications of DEA 
method—KAM model that not only estimates the 
production possibility frontier, but also 
simultaneously determines performance and ranks 
DMUs according to their technical and price 
efficiency. Input and output indicators of the 
empirical (mathematical) ε-KAM model were 
selected using the methodology for evaluating the 
effectiveness of state scientific and innovative 
programs presented in the work of R. Melnikov 
[18]. He considered both Russian and international 
experience in this field. The main indicators used in 
other countries are grouped into a logical model for 
evaluating scientific and innovative programs 
developed by analysts of the Advanced Technology 
Program, the USA [19]. In accordance with this 
logical model, the effectiveness and efficiency of 
state research and innovation programs are 
evaluated by calculating four groups of indicators 
characterizing resource supply (input), immediate 
results of the program (output), medium-term 
results of the program (outcome) and broad 
consequences (impact). 
3. Results and discussion 
The authors chose the following input and output 
indicators of the ε-KAM mathematical model. 
1) Indicators characterizing resource supply, 
also acting as input variables of the model: 
X1is budget transfers, in 1000 units of the 
country’s national currency, in current prices; 
X2 is tax benefits for companies producing oil, in 
1000 units of the country’s national currency, in 
current prices; 
2) Immediate results are output variables: 
Y1 is the volume of oil produced, in million barrels 
per day, year average. 
The numerical values of the selected indicators and 
indicators of the mathematical ε-KAM model for 
evaluating the comparative effectiveness of fiscal 
policy aimed at stimulating oil production from 
2010 to 2016 in the USA, Canada, Norway, Brazil, 
and Russia are presented in Figures 1–5. 
 
Figure 1. Dynamics of budget transfers, tax 
expenditures and oil production in the United 
States for the period from 2010 to 2016 (left scale – 
budget transfers and tax expenditures, thousand 
USD; right scale – daily oil production, year 
average, mln barrels/day) 
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Figure 2. Dynamics of budget transfers, tax expenditures and oil production in Canada for the period from 2010 to 
2016 (left scale – budget transfers and tax expenditures, thousand USD; right scale – daily oil production, year 
average, mln barrels/day) 
 
Figure 3. Dynamics of budget transfers, tax expenditures and oil production in Brazil for the period from 2010 to 
2016 (left scale – budget transfers and tax expenditures, thousand USD; right scale – daily oil production, year 
average, mln barrels/day) 
 
Figure 4. Dynamics of budget transfers, tax expenditures and oil production in Norway for the period from 2010 to 
2016 (left scale – budget transfers and tax expenditures, thousand USD; right scale – daily oil production, year 
average, mln barrels/day) 
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Figure 5. Dynamics of budget transfers, tax expenditures and oil production in Russia for the period from 2010 to 
2016 (left scale – budget transfers and tax expenditures, thousand USD; right scale – daily oil production, year 
average, mln barrels/day) 
The indicators of the compared 35 decision-making 
units (DMUs) reflecting the funds spent are 
distributed in the following way: budget transfers and 
tax benefits, normalized to the volume of oil 
produced from 2010 to 2016, are presented in Figure 
6 on a double logarithmic scale. More efficient 
DMUs are closer to the beginning of coordinates: 
they use fewer input financial resources per unit of 
output indicator – the volume of the produced oil. 
DMUs are numbered as follows: from 1 to 7 – the 
United States; from 8 to 14 – Canada; from 15 to 21 – 
Brazil; from 22 to 28 – Norway; and from 29 to 35 – 
Russia. 
Brazil
USA
Norway
Russia
Canada
 
Figure 6. Distribution of the indicators of comparable decision-making units (DMU) in the space of the used funds: 
budget transfers and tax benefits, normalized to the volume of oil produced from 2010 to 2016, on a double 
logarithmic scale 
Table 1 presents numerical estimates of the technical 
and price efficiency of the fiscal policy aimed at 
increasing oil production from 2010 to 2016, in the 
United States, Canada, Brazil, Norway and Russia. 
The results of computer calculations show that the 
following countries had the highest technical 
efficiency of fiscal policy aimed at increasing oil 
production from 2010 to 2016 with a comparative 
efficiency rating of 1.0: in the USA in 2015 and 
2016, in Canada in 2010 and 2014, and in Russia in 
2016. That is, the technical efficiency of fiscal 
measures to increase oil production in these countries 
in the specified period is on the production possibility 
frontier [20, 21, 22]. However, one should keep in 
mind that it is impossible to use technical efficiency 
assessments for ranking the compared DMUs. To 
rank these countries by the efficiency of fiscal 
measures aimed at increasing oil production over the 
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period from 2010 to 2016, the authors used the 
relevant estimates of price efficiency (see Table 1, 
Column 7). Having analyzed the estimates of price 
efficiency of fiscal measures aimed at increasing oil 
production in the USA, Canada, Brazil, Norway, and 
Russia, the authors concluded that these measures 
were most effective in Canada in 2016 (the price 
efficiency of fiscal policy aimed at increasing oil 
production using ε-KAM equals one) [23]. 
Table 1. Annual budget fiscal support for oil producers (in national currencies, in current prices) and oil production 
(million barrels/day) in the USA, Canada, Brazil, Norway, and Russia from 2010 to 2016, with quantitative 
estimates of the comparative technical and price efficiency of fiscal measures aimed at increasing oil production in 
these countries 
Indicators X1-Budgetary Transfers,
in national currency, 1000 units
X2- Tax Expenditure, 
in national currency, 1000 units
Y1- Petroleum Production, 
million barrels per day
KAM- score, e=10,
Price efficiency
KAM-score, 
e=10-2
KAM-score, e=10-7,
Technical efficiency
4. Conclusion 
According to Table 1, Russia demonstrated the least 
efficient fiscal policy with the lowest level of 
comparative price efficiency of the measures aimed 
at increasing oil production over the period from 
2010 to 2016 (estimates of price efficiency are less 
than 0.1). The calculation results also show that 
between these two fiscal stimulus measures for oil 
production growth—budget transfers and tax 
expenditures, during the observation period from 
2010 to 2016, among all the countries considered, 
Russian government policy of using budget transfers 
was best at stimulating oil production growth (the 
correlation coefficient of budget transfers and oil 
production over the observation period is more than 
0.6, while for other countries this indicator is much 
lower, for instance, in the USA this indicator is less 
than 0.3). As for the tax measures aimed at increasing 
oil production, the research results for the reviewed 
countries show that tax measures in Canada most 
efficiently stimulate the growth of oil production (the 
correlation coefficient between tax expenditures and 
oil production for the observation period is over 0.3, 
while for other countries this indicator is lower, for 
example, for Russia this indicator is less than 0.2). 
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